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(57) Abstract: A medical diode laser system which allows for simultaneous transmission of at least two wavelengths radiation of a 
suitable wavelength for tissue cutting or ablating is coupled into an inner fiber core (16) to produce an output beam with sufficient 
power density for ablation. Radiation of a suitable wavelength for tissue (1 1) coagulation is introduced into an outer fiber core (15) 
to produce another output beam with a lower power density appropriate for coagulation. The outer fiber core (15) surrounding die 
inner fiber core (16) has a refractive index less than the inner fiber core (16), thereby fimctioning as cladding for the inner core (16). 
Cladding that has a refiactive index that is less than the outer fiber core (1 S) surrounds the outer fiber core (15). Material functioning 
as an intermediary cladding separates dieouter and inner fiber corps; In this embodime&t.-die inner core has a larger refractive index 
dian the inner cladding (35) which in torn has a lower refractive index than die outer COTC (15). 
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DUAL WAVEIJ2NGTH MEmCAL DIODE lASER SYSTEM 



BACKGROUND OF THE INVENTION 

The pres^it invention relates to diode laser systems that transmit at least two 
waveleng^s or power densities of fight energy through a single step index fiber 
having at least two core sections. 

The present use of bsers in medical procedures and surgical applications is virtually 
unlhnited. . Solid state lasers, such as the Nd:YAG, have primarily been employed to achieve 
the desired optical power and wavelength for medical procedures in the fields of 
dermatology, plastic surgery, ophthalmology, otolaryngology, neurological surgery, 
gastroenterology, urology, gynecology, and general surgery. Solid slate lasers employed for 
these applications are expensive^ complex and generally inefficient. I>iode lasers are 
attractive substitutes for these solid state Utseris because diode lasers are cheap, small, and 
have low power requirements. Individual diode lasers deliver relatively low optical power 
however, compared to solid state laser. To obtain effective power, these lasers are typically 
combined to form an array on one or more substrates. 

Light energy focused on tissue during medical procedures results in local 
Iqrperthiennia, coagulation, or vaporization depending on the power density of the radiation 
energy. A lower power denaty of ligjht eneigy is required for local hype^ 
may mediated through the activation of coUagehase and may subseque^ 
destruction of local blood vessels. A higher power density of light energy is necessary for 
coagulation, which results fix)m the denaturation of proteins. An even higher power density 
of light energy is essential for vaporization, which is the process of removing solid tissue by 
converting it into a gaseous vapor or phmie. This process is also referred to as tissue 
ablation or cutting. 

Ablating tissue can produce succesaye drcumsmibient zones of carbonizatio 
vacuohzatibn and ed^a as the heat is dissipated. A small spot size of radiation minimizes 
edema, and causes less collateral damage to healthy cells surrounding the spot. A larger spot 
size is less precise and tends to coagulate the tissue. Thus, depending on the desired effect 
of a medical laser^ a small or large spot size is chosen. The collective output power of a 
diode laser array or arrays must be concentrated onto a small area to be effective for medical 
applications such as cutting or vaporizing tissue. Highly concentrated light energy 
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corresponds to a high power density, which may not however, be advantageous for all 
medical laser applications. In fact, for applications such as coagulation, high power diensity 
radiation is unfavorable. A single diode laser that is effectively transmitted is an advantage 
over a diode laser array. 

The spot aze is inversely proportional to the cross sectional core area of the optical 
fiber transmitting the fight energy; i.e. a smaller cross section increases power density for a 
given power. Coupfing large amounts of fight energy into increa^gly smaUer fiber core 
cross secticms can be difQcuH however, because only fight entering tiie fiber core at an angle 
of incidence less than the oitical angle wiH be refiracted into the core. This phenomenon can 
be explained through Snell's Law: 

nisin®! = n2sin©2 (1) 
where ni is the refi:active index of the medium, 0i is the angle of incidence defined relative 
to the normal, n2 is the refractive index of the fiber core material, and ©2 isi the angle of 
refraction defined relative to the normal. 

When fight passes from a medium of larger refractive index into one of smaller 
refractive index - for example, from a fiber core to a fiber cladding - the refracted ray bends 
away from the normal of the core-cladding inter&de. Radiation propagating through the 
fiber core, that strikes the fiber cladding at an angle of incidence above a certain value 
(critical angle), is refined p^endicular to the normal of the core-cladding inter&ce. 
Therefore, aU incident radiation is advantageously reflected back into the optical fiber core. 

This elementary physical principle of total reflection has been exploited by Richard 
Nagai (Int. Pat. No. WO 95/1 5508) to construct a step index optical fiber section for 
transmission of a single wavelength of fight. Nagal's invention describes a coupfing device 
that aUows for increased transmission of single wavelength light. Light that faUs outside the 
acceptance angle and diameter of tiie central fiber core, enters the first cladding which 
fiinctions as an additional core. The first dadding fiinctions as a normal cladding as weU as 
a second core. This first cladding layer has a refractive index l6ss than the core and is 
surrounded by a second cladding layer. In effect, there are two concentric cores and two 
concentric claddings. Nagal however does not contemplate using this fiber section as a 
delivery fiber. Furthermore, the fiber section is only used to couple a single type of laser 
radiation to a standard defivery fiber. Nagal does not aUpw for introduction of more than 
one wavelength into the fiber or transmission of both high and low power densities. 
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Means to simultaneously cut and ablate tissue with radiation from the same fiber 
have been suggested in the prior art. However, these systems incorporate solid state laser 
systems, which are bulky, complicated, and expensive. Additionally, prior art systems rely 
on beam splitting methods, which have a decrease in power density and beam qu^ty. 
Therefijre, there is a need for a system that takes advantage of mexpenave diode lasers and 
is capable of transmitting both the higji power denaty radiation (or hi^y absorptive 
watvdength) used for cutting or ablating as well as the lower power density radiation used 
for coagulation of surrounding tissue. 

OB JECTS AND SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide a medical diode laser 
that allows for ^dent transmission of at leiast two power denaties 6r at least two 
wavelengths. 

Another object of the present invention is to provide a medical diode laser system 
that allows for simultaneous coagulation^ and cutting or ablating of tissue. 

Still another object of the present myention is to provide a multiple core fiber which 
allows simultaneous transmission of both high power density radiation or high absorption 
wavelength that may be used for tissue cutting or ablating and low power density radiation 
that may be used for tissue coagulation and/or bio-sthnulation. 

Briefly stated, the pres^ invention provides a medical diode laser system that 
allows for siniuhaneous tiransmission of at least two wavelengths and at least two power 
densities. Radiation of a suitable wavelength for tissue cutting or ablating is coupled into an 
inner fiber core to produce an output beam with sufficient power density for ablation: 
Radiation of a suitable wavelength for tissue coagulation is introduced into an outer fiber 
core to produce anotiier output beam with & lower power density appropriate for coagulation. 
The outer fiber core that immediately surrounds tiie mner fiber core has a reflective mdex 
less than the inner fiber core and thereby fimctioning as cladding for the inner core. 
Cladding that has a refiractive index that is less than the outer fiber core surrounds the outer 
fiber core. Alternatively, material fimctioning as an intermediary cladding separates the 
outer and inner fiber cores. In tiiis embodiment ^ the inner core has a larger refractive index 
tiiaii the inner cladding which in turn has a lower refiractive index than the outer core, which 
is surrounded by an outer cladding also ha^dng a refractive index lower than the outer fiber 
core. In operation, both of these ^bodiments allow for transmisaon of high and low power 



wo 01/08579 PCTAJSOO/20494 
4 

density radiation that can be used for efBcient cutting or ablation, bio-stimulation and 
coagulation of various tissues. 

The above and other objects, features and advantages of the present invention wUl 
become apparent from the following detailed description read in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 displays an embodiment of the present invention in cross sectional view^ 
irradiating a tissue sur&ce. 

FIG. 2 illustrates a top view of a laser spot made by embodiments shown in FIG. 1 

and 4. 

FIG. 3 shows a cross section of an embodiment with an additional cladding layer. 
FIG. 4 shows a cross sectional view of fiber 18 that is shown in FIG. 1. 
FIG. 5-8 illustiBte further cross sections of embodhnents of the present invention, 
lie. 9-10 illustrate further embodiments of the present invention in cross sectional 
view, irradiating a tissue surface and utilizing a prism to direct radiation. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

The present invention provides a device that allows for concurrent transmission of at 
least two wavelengths or at least two power densities which can fbr.example amultaneously 
cut or vaporize and coagulate tissue. The present invention allows two different 
Wavelehgtiis and power densities to be transmitted tiirough the same fiber so that it is it 
possible for example to cut and coagulate simultaneously with a single medical instrument. 
The present invention allows multiple laser sources to be transmitted through a single optical 
delivery fiber. This is an advantage ovei- using multiple fibers, because the diameter of a 
device using the present invention can be made much smaller and much eaaer to use. 
Furthermore, the present mveiition is not limited to transmission of only two wavelengths or 
power densities; Additional concentric layers can be added to the fiber to transmit additional 
wavelengths. 

FIG. 1 illustrates an embodiment of tiiis device, which can be used in many medical 
applications. Two different wavelengths of radiation are transmitted through fiber 14 and 
focused by lens 17 onto tissue 11. Inner core radiation 13, for example 1.9 nm wavelength 
radiation, is guided into and transmitted through inner fiber core 16 and focused by lens 17 
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to smaH spot 19. Inner core radiation 13 has a wavelength chosen for tissuell absorption. 
Sraall^ot 19 has suflSdent power density to cut or ablate tissue II. 

Outer core radiation 12 is used to coagulate tissue 11. Outer core radiation 12 is 
guided into and transmitted through outer fiber core 15, which encircles inner fiber core 16. 
Outer fiber core 15 has a refi-active index smaller than iimer fiber core 16 and acts as a 
cladding to inner fiber core 16. Similarly, cladding 14 has a smaller refi:actiye index than 
outer fiber core 15. Outer core radiation 12 is focused by lens 17 to laige^ot 20 on tissue 
11. Large spot 20 has a lower power density suitable for tissue ll coagulation. 

FIG. 2 depicts a laser spot produced by radiation &om embodiments depicted in 
FIG. 1 and 4. Radiation transmitted through the inner core is focused to small spot 23, 
which corresponds to small spot 19 of FIG. 1; High power density radiation at small spot 23 
is used to cut or ablate tissue. Large spot 22, which corresponds to large spot 20 of FIG. 1, 
surrounds and encompasses smaH spot 23. Radiation focused to laige spot 22 coagulates 
tissue surrounding and encompassing the tissue that is cut or ablated by small spot 23. 

FIG. 3 displaj^ an embodunent of a side cut cross sectional view of an optical fiber. 
Normally optical fibers would have at least one buffer layer in addition to the structure in 
FIG. 3, to protect the optical fiber. In this embodiment four concentric layers constitute the 
part of the optical fiber that tiansmits two wavelengths of radiation. Inner fiber core 33 
transmits high power density radiation and is surrounded by inner cladding 35. Inner 
claiding 35 is surrounded by outer fiber core 32, which transmits the second wavelength 
radiation. Outier cladding 34 forms tiie fourth layer and suitounds outer fiber core 32. "irhe 
refiactiveindex of inner fiber core 33 isJarger than the refi-active index of inner cladding 35 
which also has a smaller refi^ve index than outer fiber core 32. Outer cladding 34, which 
forms the fourth concentric layer has a refractive index smaUer than outer fiber core 32. In 
operation, the fiber cores are both surrounded by lower refi-active index material, which 
creates total internal reflection inade the individual fiber cores. This total internal reflection 
has the added advantage of dinunished cross-talk betwem cores. 

FIG. 4 shows another embocfiment of a side cut cross sectional view of the fiber 
shown in FIG. 1 . Inner fiber core 43, which corresponds to 16 of FIG. 1, is surrounded by 
outer fiber core 42, which corresponds, to 15 of FIG. 1. Cladding 44, which corresponds to 
14 of FIG, 1, provides a guide for light propagating in outer fiber core 42, This is because 
cladding 44 has a lower refractive index tiian outer fiber core 42. Outer fiber core 42 in toim 
serves as a light guide for radiation propagating in inner fiber core 43 because outer fiber 
core has a lower refiractive index than inner fiber core 43. 
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FIG. 5 and 6 both show further embodimoits in side cut cross sectional view which 
utilize different inner core 53 and 63 and outer core 52 and 62 shapes and sizes respectively. 
The cross sectional outer shape of cladding 54 and 64 remains constant although the cross 
sectional areas are different. FIG. 4-6 all have an inner core with a refractive index greater 
than the outer core which in turn has a greater refractive index than the cladding layer. 

In FIG. 1, an embodiment is shown in a side cut cross sectional view where two 
separate cores with differing cross sectional areas lie within the cladding, allow two different 
wavelengths of light to propagate through a fiber. The cores are separated by cladding 
which keeps radiation from overlapping within the fiber. The cores' depicted in FIG. 7 have 
a circular cross sectional shape. In an alternative they are designed with an oval cross 
sectional shape. High power density radiation used for cutting or ablating is transmitted 
through small fiber core 76. Large fiber a)re 77 transmits lower power density radiation 
used for coagulation. Small fiber core 76 has a smaller cross sectional area than large fiber 
core 77. Cladding 74 surrounds both fiber cores. 

Simil^ly, FIG, S dq)icts a side cut cross sectional view of another embodiment that 
utilizes rectangular fiber cores. A rectangular shs^e core cross section is an advantage when 
Coupling a fiber to a diode laser. Since, the laser output from the diode laser has a distinctly 
rectangular shape, the rectangular core niatches the output and provides a more efGdent 
coupling. If the diode is more effectively coupled to the fiber, a lower power diode laser can 
be used to for applications. High power den^ties can be.transniitted witiiout significant loss 
at the coupling. Furthermore, relatively less power needs to be transmitted into the fiber for 
a particular output as compared to the input needed into a substantially circular core. 
Radiation used for example for cutting or ablating is transmitted through small fiber core 87, 
which corresponds to 76 of FIG. 7. Radiation used for coagulating is transmitted through 
large fiber core 86, which corresponds to 77 of FIG. 7: Cladding 84 surrounds both fiber 
cores. / 

In both FIG. 7 and 8, the fiber cores may have similar refractive indices, but the 
claddng must have a smaller refi^ctive index. Embodiments shown in FIG. 7 and 8 may be 
particularly use&i in applications wha-e a site must be cut or ablated, but an area 
immediately to one side of the site will be harmed by any radiation exposure. In this 
embodiment, the fiber may be turned so that coagulating radiation is directed to an area 
opposite the potentially harmed tissue site. In alternate embodhnents either two different 
power densities or two ilifferent wavelengths are transmitted through the cor^.sections. Two 
different densities of the same wavelength radiation are preferable for coagulation by one 
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density and incision by the other. Two different wavelengths are preferable when one is 
used for incision or coagulation and the other wavelmgth is used for an application such as 
bio-stimulation. 

F[G. 9 iUustrates another embocUment of the pres^ invention in cross sectional 
view, which simultaneously coagulates tissue and allows for a more predse indsion site. 
Two different radiation wavelengths are transmitted tiirough fiber 901 onto tissue 907. 
Prism 904 has a suitable coating that discriminates between tbe two mvelra^ 
transmitted through fiber 901 . Inner core radiation 903, for example 1 .9 [im wavelength 
radiation, is reflected off prism 904, and directed to incision site 908 by reflecting optics 909 
and 905. Reflecting optics 909 and 905 are designed to focus inner core radiation 903 more 
precisely to create an indsion. Outer core radiation 902 is used to coagulate tissue 907. 
Outer core radiation 9Q2 passes through prism 904 and kradiates tissue surface 908 and 
tissue 907, 

FIG. 10 depicts another embodiment that allows very predse sections of tissue to be 
either coagulated or incised. Two different wavelengths of radiation are ti^smitted through 
fiber 1001 onto tissue 1007 and tissue surface 1006. Prism 1005 has a suitable coating that 
discriminates between the two wavelengths that zx^ transmitted through fiber 1001. Inner 
core radiation 1003 is reflected Off prism 1005, and directed to coagulation area 1009 by 
reflecting optics 1002: Reflecting optics 1002. are designed to direct inner core radiation 
1003 to an area within the tissue 1007 bddw tissue sur&ce 1006. Outer core radiation 1004 
passes through prism 1005 and is directed to indsion area 1008. 

In yet another embodiment of the present invention pulsed laser radiation is used for 
ablation^ and continuous wave radiation is used for coagulation purposes. As stated earlier, 
power density plays an important role in detdmihing the tissue effects. Radiation pulsed in 
intervals shorter than the thermal relation time of the tissue segment irradiated is typically 
used for ablative purposes, while coagulation is generally achieved by continuous wave 
radiation. In this attemative, the inner core area (in the concentric core arrangement 
described above) 'is used to transmit the pulsed radiation, while the surrounding outer core 
carries the continuous wave radiation. 

Having described preferred embodiments of the invention >^ 
accompanying drawings, it is understood the invention is not limited to these precise 
embodiments, and various ch^ges and modifications hiay be effected by one skilled in the 
art v^thout departing fix>m the scope of the invdition as defined in the appended claims. 



wo 01/08579 PCT/USOO/20494 
8 

What is claimed is: 

1. A medical diode laser system having a single optical delivery fiber wherein said delivery 
fiber has at least two core sections to transmit radiation fi-om at least two laser sources. 

2. A system according to claim 1, wherein said at least two laser sources are transmitted 
with at least two different power denaties. 

3. A system according to claim 1, wherein said at least two laser sources operate at at least , 
two different wavelengths 

4. A system acconling to daim 1 wherein said radiation fi'om a first source is puls^^ 
fi-om a second source is a continuous wave. 

5. A system according to daini 2 wherdn said at least two laser sources also has at least two 
wavelengths. 

6. A system according to daim 5, wherdn said radiation fi-om said at least two laser sources 
is transmitted ^ultaneously. 

7. A system according to claim 1, wherdn said fiber has at least two concentric cladding 
layers surrounding a single core and at least one of said cladding layers fiinctions as a core. 

8. A system according to clauri 7, wherein an inner layer of said at least two concentric 
cladding layers is used to tranismit radiation fi-om a first of said at least two sources and die 
core transmits radiation fi-om a second of at least two laser sources. 

9. A system according to claim 1, wherdn said fiber ha& at least two non-concentric cores 
within a cladding layer. 

1 0. A system according to claim 9, wherdn each of said at least two cores has a different 
cross-sectional area and each is used to transmit radiation fi-6m different laser sources. 

11: A system according to claim 9, \i\^erein said at least two cores' oross sectional shape is 
chosen fi-om the group; circular, rectangular, or oval. 

12. A system according to claim 1, wherein said fiber has a core surrounded by a cladding 
layer, which is fiirther surrounded by an additional core layer, sdd additional core layer is 
surrounded by yet another cladding layer, and each layer has a progresavdy lower refiractive 
index than that of said inner core. 

13 . A system according to daim 1 wherdn said radiation firom one of said at least two 
sources is used to coagulate tissue and radiation fi-om the second of said at least two laser 
sources is used for ablating tissue. 

14. A system according to claim 1, wherein said radiation from said at least two laser 
sources transmitted through said fiber, are more predsely directed to a treatment area uang 
optics at a distal end of said medical laser system. 
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FIGURE 7 
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